Abstract: This paper reports on a study involving the development and application of an instrument to identify and measure ill-structured problem formulation and resolution (PFR) in online asynchronous discussions (OADs). The instrument was developed by first determining PFR processes relevant to ill-structured problems in professional practice. The processes were derived from a conceptual framework. 
step-by-step approach to problem solving. Instead, what is needed is an approach that recognizes the complexity of the processes involved and that considers both problem understanding and resolution. Jonassen's (1997) model for solving ill-structured problems presents an approach to problem solving that includes various processes as follows:
• Articulate problem space and contextual constraints.
• Identify and clarify alternative opinions, positions, and perspectives of stakeholders.
• Generate possible problem solutions.
• Assess the viability of alternative solutions by constructing arguments and articulating beliefs.
• Monitor the problem space and solution options.
• Implement and monitor the solution.
• Adapt the solution. (pp. 79-83)
Jonassen's first two steps correspond to problem formulation. Problem formulation is a prerequisite to problem solving. As Bransford (1993) argues, "The ability to identify the general problem and generate the sub problems to be solved is crucial for real-world problem solving" (p. 178). Voss and Post (1988) refer to problem formulation as the "representation" phase, and describe it as being "extremely important, in the sense that once a specific representation is These six processes provide a starting point for the identification of problem formulation and resolution in an online asynchronous discussion. They can be used as the main categories for an instrument, which can be applied to an OAD in order to measure PFR. However, reliance on these six processes alone may not ensure a high degree of reliability and validity in the use of the instrument. For this reason, there is a need to further define and describe the processes through consideration of the ways in which the processes manifest themselves in actual contexts of discussion in OADs. By specifying indicators of the processes as well as examples of each of these indicators, the identification and subsequent measurement of PFR can be facilitated.
Development of indicators of the processes was completed through transcript analysis of an actual OAD. The following section of this paper describes the OAD that was analysed.
Description of the Oad
The discussion used to develop the PFR instrument was part of a web-based learning module called Solving Problems in Collaborative Environments (SPICE), designed to help practitioners such as social workers, nurses or teachers advance their practice through a process of collaborative problem formulation and resolution (Murphy, 2003) . The module was used for a period of four weeks in a context of an undergraduate methods course with a group of eleven French as a second or foreign language teachers in training (pre-service). The problem specified in advance in the module was that of the lack of use of the target language during instruction.
The first two steps of the SPICE approach, Consult and Gather, emphasize problem formulation, while the final step, Act, emphasizes problem resolution. Both the Consult and Gather steps support problem formulation through exposure to multiple perspectives. These perspectives are represented in video segments of interviews with practitioners as well as in an online bibliography of research articles related to the problem. The final step in the process, Act, provides an opportunity to present solutions to the problem. Participants use a shared workspace to upload a solution in the form of a document such as a short or long-term action plan, a description of an activity, or a lesson plan. Participants are able to view and download each other's solutions.
Each of the three steps in the SPICE approach to PFR is followed by engagement in Shared Reflection using an OAD. The Shared Reflection invites participants to describe how the multiple perspectives presented in the Consult and Gather phases differ from or resemble their own. Participants are also invited to compare their own perspectives with those of other participants. Following the Act step, participants are provided with an opportunity to discuss the various solutions to the problem proposed by participants. Participation in Shared Reflection through the OAD involves numerous and varied problem formulation processes such as the opportunity to identify and explore causes, contexts, nature and extent of the problem, and to build knowledge of the problem area. It also provides an opportunity for engagement in processes of problem resolution such as proposing and evaluating solutions.
Development of the Instrument
The conceptual framework presented in an earlier section of this paper provides a starting point for the development of an instrument to facilitate identification and measurement of PFR processes. The refinement of the instrument required specifying indicators and examples of the indicators for each process. These indicators and examples were determined through an analysis of the processes in the transcript of the SPICE online asynchronous discussion (OAD). The transcript was analysed simultaneously by two individuals, the principal investigator and a graduate student assistant. Of the 114 messages in the SPICE OAD, 20 of the messages contained no evidence of problem formulation or resolution: these were primarily the moderator's instructions and the participants' self-introductions. The remaining 94 messages were analysed using the message as the unit of analysis. During the initial analysis, all processes related to problem formulation and resolution that occurred in the transcript were noted. This initial analysis noted only whether a particular process occurred in a message: it did not measure how many times the process or occurred within that message, nor did it distinguish between a message in which a given process appeared briefly (for example, in a single sentence) and one in which the same process was developed in detail (in an entire paragraph).
Following the initial analysis, which identified processes related to PFR, the transcript was analysed a second time in order to identify indicators associated with each of the processes. These were grouped together with the associated process and an example and code were provided for each. There were no indicators provided for the process of Articulating the Problem Space as the problem in the SPICE OAD had been articulated in advance for the participants. The result of this analysis is the instrument presented in Table 1 . Table 1 Instrument for identifying and measuring PFR in an OAD
Use of the Instrument to Measure Pfr In The Spice Oad
Using the message as the unit of analysis, the SPICE OAD was analyzed in order to measure PFR. The results of the analysis are presented in Tables 2 and 3. Table 2 Measurement of PFR processes in the SPICE OAD Table 3 Measurement of PFR indicators in the SPICE OAD The totals for each set of indicators in Table 3 add up to more than the summary results for each process as shown in Table 2 . The difference is visible with the first process of Viewing Perspectives for which Table 2 indicates that 37.2% of messages reflected this process while Table 3 indicates that a total of 43.6% for the same process. This discrepancy occurs because the message was used as the unit of analysis, and most messages contained two or more indicators. For example, in a single message, a participant might identify unknowns or gaps in knowledge (FBI) and might also reflect on his/her own thinking (FBR). In Table 2 , this message would be counted as a single incidence of the process Building Knowledge within the Formulation phase (FB), but in Table 3 , each indicator would be reported separately and the same message would be counted twice. Similarly, multiple occurrences of the same indicator within a single message were coded only once: if a participant proposed 10 solutions within one message, the table indicates that occurrence as one message containing the code RIP.
Discussion
The process of developing this instrument highlights some of the methodological issues related to analysis of online asynchronous discussions. One of these issues is the choice of the unit of analysis. Using the message as the unit of analysis has certain advantages: it is more easily defined than other syntactical units such as the sentence or paragraph, and unlike a thematic unit it is, as Rourke et al. (2001) argue, "objectively identifiable," which leads to a high degree of interrater reliability (p. 12). However, in analyzing an OAD using this method, much important information is lost: as Henri (1992) 
